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Introduction.
The viscoelastic properties of linear chain polymer melts and concentrated solutions have been studied extensively [1] as a function of molecular weight of individual chains. When the number of monomeric units on a chain exceeds a critical value, which corresponds to a molecular weight of Me' the system starts to exhibit an elastic response to external stress over some duration of time. We denote this time the relaxation time trel. For time scales longer than tel the polymers behave like a liquid. Above Me' the viscosity appears to obey the empirical relation The purpose of this paper is to propose a theory and present numerical evidence which explains this empirical observation. Over all, experimental data on concentrated polymers are reasonably well explained by the reptation model [2, 3] . In the next section, reptation is reviewed, and I will only mention now that the reptation model predicts which is a significant deviation from experimental results, but presumably not enough to warrant abandoning reptation as an approach. The main result of this work is that incorporating another physical effect, many chain interactions, that was left out of the simple reptation model leads to predictions that agree better with experiment, namely equation (1) . In order to study what the effects of these interactions are, I have done both theoretical and numerical work. I present the numerical work first, in section 3, and the theoretical investigation in section 4. In section 5, I give some tentative ideas concerning corrections to the reptation model, and in section 6, I conclude by comparing my work with experimental data.
2. The reptation model. In this model, to calculate the motion of one polymer, we assume that the net effect of the other polymers is to confine the polymer of interest to a « tube ». In other words the polymer cannot move perpendicular to the direction of the tube by more than a tube diameter, as illustrated in figure 1 . The only modes of motion allowed are ones that allow diffusion along the direction of the tube. As the polymer moves, it will form new pieces of tube and destroy old pieces of tube at the two ends of the polymer. Eventually it will loose all correlation with its initial tube, as the polymer will have formed a completely new tube. The time it takes to do this (the reptation time trep) scales as M3. This is because the friction coefficient v, along the direction of the tube is proportional to M, so that the time it takes a point in the middle of the chain to diffuse out to the end of the initial tube is proportional to VM2 = MI, which should scale as trep. Other predictions of the reptation model are that the elastic modulus G ( t ) has a plateau up to a time of, order the reptation time, and that the value of G ( t ) at this plateau is independent of M. This is because for times much less than the reptation time, entanglements act as crosslinks as in rubber, and the number of crosslinks is independent of chain length. The volume, and for long chains, there are two distinct slopes for (,2 (t) ), on a log-log scale [6] . For times less than the relaxation time ( oc M2 x At) , the slope of (,2 ( t) ) approaches but never goes below 1/2. For times longer than the relaxation time, the slope of (,2 ( t) ) approaches 1. In figure 3 , which has the excluded volume constraint enforced however, the slope dips to below 1/2, indicating that motion is slowing down due to many chain interactions. Although this slowing down in the relaxation time is hard to detect for M 150 (due to finite size effects), these effects are still present, as can be seen from data on viscosity (see below). For for chain lengths going form 10 to 150 in figure 6 . The lower solid line represents the results from reptation q oc M2 åt, and the upper line gives
The diffusion coefficient (Fig. 7) [7] ). Within OR, the number of intersections between the tube and the chain (of length AM) is proportional to the volume of this region times the density of tube times the density of chain, which gives the answer AM/AR. Balancing energy and entropy we find that the chain in equilibrium is confined to a small diameter around the hole given by where 5 describes the amount of attraction between the polymer and the hole, and should be of order 1 in a concentrated system. The free energy of adsorption should be (see 1 .58 and 1.59 of de Gennes [7] figure 13 .
This kind of « weaving » motion is very slow and is closely related to the motion of star molecules [11] . In a polymer melt this effect may lead to a slow drift in the position of the tube due to the « weaving » of different polymers. So it may be possible that D2 --log t. This Fig. 13 (Fig. 14) , over two decades it is quite close to M3'4. Also this exponential prediction is only true in the limit of exceedingly long chains. The effects of fluctuations should be quite strong in the experimentally accessible regime. In fact the numerical work of section 3, suggests that this is the case as for chains of up to length 150, the relaxation time looks to be a power law.
The experimental determination of the diffusion constant in polymer melts is still the subject of much research with some conflicting results between different groups. Some groups [12] Furthermore to theoretically understand the relationship between viscosity and diffusion, the difficulties mentioned in the paragraph below equation (7) must be addressed.
Another explanation [14] for the viscosity data differing from the one in this paper, argues that the anomalous viscosity is a cross-over effect and that for very long chains q oc M3. Analysis of this idea appears to indicate that the cross-over effect is not strong enough to explain the experimental data over the entire range of molecular weight. However this explanation still cannot be dismissed and certainly deserves further investigation [15] . It might even be that for quite low molecular weights this effect dominates, but for higher molecular weights excluded volume effects become more important.
